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COMPLETE SPECEFICATION. 



Improvements in or relating to Gas Turbine Installations. 



. WC, RiCHARDSONS, WeSTGARTH & CO., 

Limited, a British Company, of Northum- 
berland. Engine Works. Wallsend, North- 
umberland, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly des- 
cribed in and by the following statement : — 

This invention relates to gas turbine in- 
stallations and is particularly concerned 
with electricity-generating installations hav- 
ing a gas turbine which drives an alternator. 

Most generating installations do not work 
at peak load all the time, and it has there- 
fore been proposed to use the power which 
is available during off-peak hours to drive 
compressors which fill a storage chamber or 
reservoir with compressed air. This com- 
pressed air can then be used during peak 
load operation as charging air for the gas 
turbine or turbines. The storage chamber 
may well be an air-tight underground 
cavern, while the charging compressors can 
be driven by one or more electric motors 
supplied with current from an external 
source, or, alternatively, by an alternator 
which is run as a motor during off-peak 
hours. An alternator or generator which is 
run as a motor at certain times is herein- 
after referred to as an alternator /motor or 
generator/ motor. 

The system outlined above has a number 
of advantages, but one difficulty which is 
encountered is that the pressure of the air 
delivered from the storage chamber during 
peak load operation varies over quite a wide 
range. For example, the pressure of the air 
within the chamber could be about SO at- 
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mospheres at the beginning of a peak load 
cycle and only about 20 atmospheres at the 40 
end of it. This presents a problem in the de- 
sign of the turbine which cannot be made 
to operate with the same output when it is 
supplied with charging air at 20 atmospheres 
pressure as when it is supplied with charg- 45 
ing air at 50 atmospheres pressure. One 
possible solution is to throttle the air sup- 
ply from the storage chamber so that its 
pressure is reduced to about 20 atmospheres 
at all times, and to design the turbine for 50 
that pressure. That however is wasteful of 
the energy put into the gas during compres- 
sion and results also in a lower-pressure 
turbine which limits the maximum power 
output of the installation. 55 

The aim of the present invention is to de- 
vise an arrangement which constitutes a bet- 
ter solution the problem outlined above, 
and according to the invention the inlet side 
of- the gas turbine is connected to the 60 
storage reservoir or chamber for compressed 
air through one or more main compressors, 
the overall pressure ratio of said main comr 
pressor, or compressors, if there are more 
than one, being substantially less than that 65 
of the turbine. 

The advantage of this arrangement is that 
the air supply from the storage chamber, in- 
stead of being delivered direct to the tur- 
bine, is first passed through a compressor 70 
where its pressure is brought up to a value 
approaching that for which the turbine has 
been designed. In general, the turbine will 
be designed for the maximum pressure of 
air available from the storage chamber, so 75 
that the effective pressure rise to which the 



air from the chamber is subjected by the 
compressor will gradually increase from a 
very low value at the beginning of the peak 
load cycle to, say. 30 atmospiicrcs at the. 
o end of the cycle when the pressure of the 
air from the chamber has dropped from 50 
atmospheres to 20 atmospheres. By this 
means the pressure of the air at the turbine 
inlet is maintained approximately at the 
design value and full How through the tur- 
bine is ensured. 

It is to be noted that, in operation of the 
installation, the air supply from the storage 
chamber to the compressor will be appreci- 
15 ably above atmospheric pressure. As a 
result, the pressure ratio of the compressor 
will always be substantially less than the 
pressure ratio of the turbine. In this respect 
the installation differs from a conventional 
^0 arrangement having a charginsr compressor 
for the gas turbine, as in the latter case the 
pressure ratio of the compressor is always 
greater than that of the turbine. 
OK u^^^ manner in which the air supply from 
AO the storage chamber is compressed to a 
variable extent by the compressor or com- 
pressors can take a number of different 
forms. In one particular arrancement the 
^?°^P^^ss^^ driven by an auxiliary tur- 
^0 bme in parallel with the main turbine, the 
power output of the auxiliary turbine be- 
ing controlled by a throttle valve which 
throttles the air supplied to it from the 
storage chamber. Alternatively, a constant 
.^5 speed compressor driven by the main tur- 
bine can be used, the variable pressure rise 
required being obtained by the provision of 
a valve-controlled by-pass passage which 
An. variable amounts of air from the 

W delivery side of the compressor back to the 
inlet side. The best arrangement, however, 
mvolves the use of a constant-speed axial- 
flow or centrifugal compressor which is 
driven by the main turbine and which is 
46 provided with means for varying the stag- 
ger of the stator blades so as to vary the 
prossure rise of the compressor. This par- 
ticular arrangement is thermodynamically 
attractive and does not increase the cost of 
w the installation to any great extent. 

In order that the invention and certain of 
its subsidiary features may be thoroughly 
understood, a specific installation in accord- 
ance with it will now be described, by way 

65 of example, with reference to the accom- 
panying drawing, in which: 
^ Figure 1 is a diagrammatic view of the 
installation; and 

Figure 2 is an enlarged sectional view of 
60 part of the installation shown in Figure 1. 

The installation shown in Ficure 1 com- 
prises a gas turbine 10 arranged to drive 
an alternator/motor 12 through a shaft 14 
which also carries a low-pressure com- 

66 pressor 16 and an intermediate-pressure 



compressor 18. The end of the shaft 14 
remote from the alternator drives a pair of 
mgh-pressure compressors 20 and 22 
through gearing 24. 

An underground air-tight storage cavern 70 
26 IS connected by a passage 28 to the inlet 
side of each of the hii;h.prcssure com- 
pressors 20 and 22. and is further connected 
by a passage 30 to the delivery side of the 
compressor 22. The delivery side of the 75 
low-pressure compressor 16 is connected to 
the miet side of the intermediate-pressure 
compressor 18 throuch a passage which 
contains an intercooler 32, and in a similar 
way the delivery side of the compressor 18 80 
IS connected to the inlet side of the hich- 
pressurc compressor 22 throuch a passage 
-34 containing an intercooler 35. 

The delivery side of the turbine 10 has 
an outlet passage 36 which leads direct to 86 
atmosphere. However, a branch 38 from 
this passage leads back to the inlet side of 
the high-pressure compressor 20 through an 
mtercooler 40. Similarly, a passage 42 con- 
necting the delivery side of the compressor 90 
20 to the inlet side of the turbine 10 has 
a branch 44 which leads to the inlet side of 
an auxiliary compressor 46 arranged to be 
driven through gearing 48 by a motor 50. 
Ihe passage 34 leading from the intermedi- 95 
ate-pressure compressor 18 also has a 
branch 52 which is connected to the inlet 
side of a second auxiliary compressor 54 
driven through gearing 56 by a motor 58. 
The installation operates as follows : 100 
During such times as the alternator/ 
motor 12 is being used as a generator, the 
turbine 10 is supplied with charging air 
from the storage chamber 26 throueh the 
passage 28 and the parallel-connected^ high- 105 
pressure compressors 20 and 22. Each of 
these two compressors has means for vary- 
'u^ stagger of the stator blades, and 
the blades are accordingly adjusted as re- 
quired so that, not withstanding the gradual 110 
drop in pressure within the st'oraee cham- 
ber 26. the charging air supplied to" the inlet 
of the turbine 10 remains substantially at 
the value for which the turbine has been 
designed. Air entering the turbine is heated 115 
by combustion with oil-fuel in combustion 
chambers 60 located within the turbine cas- 
ing, and the exhaust air and combustion 
gases from the turbine are passed direct to 
atmosphere through the outlet passage 36, 120 

It will be noted that, besides driving the 
alternator 12 and the compressors 20 and 
22. the turbine also drives the compressors 
16 and 18 during generating periods despite 
the fact that they are not required at those 125 
times. The amount of work absorbed by 
the compressors 16 and 18 can in fact be 
kept down to a very low level by throttling 
the inlet to the compressor 16 and starting 
up the motor 58 so that air is continuously 



and 18 by the auxiliary compressor 54. This 
arrangement is mucli to bo preferred to the 
provision of shaft couplings which, in this 
6 inslancc, would have to be able to trans- 
mit high power and yet be readily coiiplcd- 
up or uncoupled as desired. 

During ofT-peak hours the installation is 
used to recharge the storage chamber 26. 

10 The alternator 12 is then run as a motor 
using ofl-peak electricity which is often 
available at a cheaper rate. The branch 
passage 52 is closed and the motor 58 shut 
down so that air entering the low-pressure 

15 compressor 16 now passes through the in- 
termediate-pressure compressor 18 to the 
high-pressure compressor 22. From here the 
compressed air is passed into the storage 
chamber 26 through the passage 30. 

20 In order to avoid the use of an expensive 
and complicated coupling between the alter- 
nator/motor 12 and the turbine 10. the tur- 
bine remains coupled to the alternator/ 
motor during the air charging periods of 

25 operation. As with the compressors 16 and 
18 during generating periods, however, the 
auxiliary compressor 46 driven by the motor 
50 is used to reduce to a low level the 
power absorbed by the turbine and the high- 

30 pressure compressor 20. In addition, air Ex- 
hausted from the turbine is not passed to 
atmosphere through the outlet 36 but is in- 
stead re-circulated back to the inlet side of 
the compressor 20 through the by-pass 

35 passage 38 and the intercooler 40. Alterna- 
tively, the inlet to the compressor 20 and 
the outlet 36 from the turbine can be 
opened to atmosphere and fuel burned in 
the combustion chambers 60. This in effect 

40 converts the power loss into a fuel loss — 
which is generally not disadvantageous. An 
advantage of these arrangements fs that the 
turbine can be used as a starter motor for 
the installation by supplying air to the tur- 

46 bine inlet from the storage chamber 26. 
This resuhs in a considerable saving in the 
cost of auxiliary electrical gear. 

As already indicated, it is undesirable for 
the air supply to the turbine 10 to be 

50 throttled during generating periods. If, 
therefore, it is desired to run the installa- 
tion on part-load operation, the inlet to the 
compressor 16 can be unthrottled, the pas- 
sage 52 closed, and the compressors 16. 18 

56 and 22 used to supply part of the require- 
ments of the turbine 10. In this way some- 
thing like J load is achieved with only half 
the normal full load air consumption from 
the storage chamber 26. In other words, 
60 it is preferable for the compressors 16 and 
18 to be kept running during part-load oper- 
ation so that the power which is not re- 
quired for generating purposes is used to 
reduce the demand on the chamber 26 for 
66 compressed air. 
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in the drawing consists in providing a clutch 
or similar connection between the turbine 
10 and liic high-pressure compressors 20 
and 22 so that the latter can be cut out of 70 
operation. This can be useful on those oc- 
casions when the storage chamber 26 is out ' 
of use, as it permits the turbine to be kept 
in operation using the low-pressure compres- 
sor 16 and the intermediate-pressure com- 75 
pressor 18 as a source of charging air for 
the turbine. In order that the turbine shall 
be matched to the compressors under this 
condition, the design pressure ratio of the 
compressors 16 and 18 is made substantially 80 
equal lo the ratio of the normal turbine/ 
compressor flows. 

A further modification of the installation 
involves the use of an auxiliary ^'storage" 
chamber (not shown) which is exhausted to. 85 
say. l/20th of an atmosphere by the com- 
pressors 16 and 18 during generating per- 
iods. The turbine 10 and the idle high 
pressure compressor 20 are then connected 
to this evacuated chamber during charging 90 
periods so that windage losses, which "are 
roughly proportional to the pressure of the 
incoming air, are reduced to a lower level. 
This arrangement dispenses with the auxil- 
iary compressor 46. If desired, the turbine 95 
can be connected to the auxiliar>' chamber 
through the compressor 20 so that the air in 
the turbine is at an even lower pressure than 
that in the auxiliary chamber. 

In the interests of compactness, it is ad- 100 
vantageous for the casings of the two com- 
pressors 16 and 18 to be brought as close 
together as possible. This enables the inter- 
cooler 32 to be made an integral part of the 
two compressor casings as shown in Figure 105 
2. 

WHAT WE CLAIM IS: — 

1. A gas turbine installation in which 
the inlet side of the turbine is connected to 

a storage reservoir for compressed air 110 
through one or more main compressors, the 
overall pressure ratio of said main compres- 
sor, or compressors, if there are more than 
one, being substantially less than that of the 
turbine. 116 

2. A gas turbine installation according 
to claim 1, in which the main compressor, 
or each main compressor, is driven by the 
turbine and is provided with means for vary- 
ing the stagger of the stator blades so as to 120 
vary its pressure ratio. 

3. A gas turbine installation according 
to claim 1, in which the main compressor 
is driven by the turbine and is provided with 

a valve-controlled by-pass passage for re- 126 
turning variable amounts of air from the 
delivery side of the main compressor back 
to the inlet side in order to vary its pressure 
ratio. 



4. A gas lurbinc installation according 
lo claim 1, in which the main comprcsssor 
is driven by an auxiliary turbine provided 
with means for varying its speed in order 

6 to vary the pressure ratio of the main com- 
pressor. 

5. A gas lurbinc installation according 
to any preceding claim, in which the tur- 
bine is mechanically coupled to an electrical 

10 generator/ motor and to one or more reser- 
voir-recharging compressors the delivery of 
which is connected to the storage reservoir 
so as to deliver compressed air to the latter 
when the generator/ motor is being used as 

16 a motor. 

6. A gas turbine installation according 
to claim 5. in which means are provided 
for reducing the pressure within the reser- 
voir-recharging compressor or compressors 

20 when the turbine is driving the generator/ 
motor. 

7. A gas turbine installation according 
to claim 6. in which the said pressure-reduc- 
ing means comprise a throttle valve on the 

25 inlet side of the reservoir-recharging com- 
pressor or compressors, and a motor-driven 
auxiliary compressor having its inlet side 
connected to the delivery side of the reser- 
voir-recharging compressor or compressors. 

30 8. A gas turbine installation according 
to claim 6, in which a comparatively large 
chamber is connected to the inlet side of 
the reservoir-recharging compressor or com- 
pressors to be exhausted when the turbine 

35 is driving the generator /motor. 

9. A gas turbine installation according 
to any one of claims 5—8, in which the de- 
livery of the reservoir-recharging compres- 
sor or compressors, is connected to the stor- 



age reservoir ihrougli the main compressor 4.0 
or one of the main compressors. 

10. A gas turbine installation according 
to any one of claims 5 — 9, in which a motor- 
driven auxiliary compressor is connected 

on its inlet side to the turbine so as to re- 45 
ducc the power absorbed by the turbine 
when it is being driven by the generator/ 
motor. 

11. A gas turbine installation according 

to claim 10. in which a by- pass passage is 50 
provided for recirculating exhaust air from 
the turbine back to the inlet side of the 
main compressor, or one of the main com- 
pressors, when the turbine is being driven 
by the generator/ motor. 65 

12. A gas turbine installation according 
to claim 11, in which an intercooler is pro- . 
vidcd in said turbine-exhaust-recirculating 
by-pass passage. 

13. A gas turbine installation according 60 
to claim 2 or any claim appendent thereto, 

in which a clutch is provided between the 
turbine and the main compressor or com- 
pressors. 

14. A gas turbine installation according 65 
to claim 5 having two series-connected reser- 
voir-recharging compressors, in which the 
casings of the two compressors are juxta- 
posed and include an intercooler forming 

an integral part of the casings. 70 

15. A gas turbine installation substan- 
tially as described with reference to the ac- 
companying drawing. 

For the Applicants, 
LLOYD WISE, BOULY & HAIG. 
Chartered Patent Agents, 
10 New Court, Lincoln's Inn, 
London, W.C2. 
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